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Material constants for muon cooling simulations
Peter Gruber
Ionization cooling is a technique under consideration for reducing the phase space of the muons in a
Neutrino Factory1 (NF). The principle of ionization cooling is to send a beam through an absorber
made of a light material. In the absorber the particles loose momentum uniformly and then to restore
only the longitudinal momentum component with an rf cavity. Thus the particles have lost transverse
momentum while their longitudinal momenta have been conserved. The beam is "cooler" now.
Unfortunately the particles are not only decelerated while passing though the absorber, but they are
scattered, as well, thus "heating" the beam up again. The effects of cooling and heating are competing
effects that lead towards an equilibrium "temperature".
Figure 1: The principle of ionization cooling: particles are decelerated(1), but only their
longitudinal momentum is restored (3). Scattering (2) reduces the cooling efficiency.
The design of a cooling channel relies heavily on simulation, as ionization cooling has not yet been
demonstrated in practice. To properly simulate the passage of the muons through matter, some
properties of the absorber material have to be known. The calculation always starts with the chemical
















Hn the normalized emitance, s the path length of the reference particle, EP the kinetic energy of the
muon, E the relativistic beta, EA the transverse beta function and LR the radiation length.
The above equation has two competing terms. The left term is the “cooling” one due to the dE/dx while
the right term is the “heating” one due to multiple scattering. Depending on the circumstances the
resulting change in emitance can be positive or negative.
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With K/A as a constant (0.3 MeV/g cm2), Z the charge number, E the relativistic beta of the muon, me
the electron mass and Tmax is the maximum kinetic energy that can be lost to an electron at one scatter.
I is the average ionization potential. The result of the Bethe-Bloch equation is the energy lost per
density per cm.
The heating term is related to the multiple scattering that can be calculated using Moliere theory. A
measure for the amount of heating an absorber adds to a beam is the rms mean scattering angle T0. It




























with E the relativistic beta of the muon, p its momentum in MeV/c, z=1 the muon charge number, x the
distance traveled through the absorber in centimeter and X0 the radiation length in centimeter. It has to
be noted that there are two definitions of the radiation length, that both use the symbol  X0. One is the
radiation length in cm, the other one the radiation length per density. In this report we always write X0
for the radiation length per density. The above equation, however, uses the other definition.








with wj as the fractional weight of the respective element.
To calculate the effect of a certain absorber material, one has to know the ratio of charge number over
atomic number of the element Z/A, the ionization potential I and the density U as well as the radiation
length X0. The values for these quantities can be found in the table in the appendix.
The data in the following table of material properties was taken from the ASTAR database4 that is
based on an ICRU report5. Additional data was taken from the Review of particle physics6 and the
American Institute of physics handbook7.
There is no easy way to calculate the ionization potential, so one has to rely on the data in the
following table. There is not even a general rule how it can be calculated for compounds, that is why
the compounds are all listed in the table explicitly.









has been used8. Compounds have been treated as explained above.
If not explicitly stated, the densities for gases are for the liquid phase.
The data is also available as an Excel file at http://nicewww.cern.ch/~nfwg/data/cooling.xls and as a
TRAVEL input file at http://nicewww.cern.ch/~nfwg/data/cooling.in
                                                       
3




 Stopping powers for electrons and positrons, ICRU report No. 37 (1984)
6
 Particle Data Group: Review of particle physics, Eur. Phys. J. C 3, (1998), Chapter 23
7
 D. Gray: American Insitute of Physics Handbook, Third Edition, Mc Graw-Hill 1982
8
 Particle Data Group: Review of particle physics, Eur. Phys. J. C 3, (1998), Chapter 23
Comparing absorber materials
To compare various materials, the dE per cm and the rms scattering angle T0 per cm have been
calculated for muons with a momentum of 200MeV/c (kinetic energy=120.89 MeV; E= 0.89; J=2.15)
using the above mentioned methods. A good absorber should have a high dE/dx and a low scattering.
For a better comparison, the equivalent scattering angle has been calculated. This is the amount of
scattering that occurs in a layer of material that has a 'E of exactly 10MeV (this would be a layer of
32cm of H or 5mm of U). The equivalent scattering angle is a direct measure for the quality of an
absorber. The lower it is, the better the absorber cools the beam and the lower is the equilibrium
emitance that can finally be reached using this absorber material.
A plot of the equivalent scattering angle versus Z is given in Fig. 2. The lightest elements are the best
absorbers, adding the lowest amount of multiple scattering per amount of energy absorbed.
E quivalent s cattering angle 




























Figure 2: Equivalent scattering angle for E=200MeV and dE=10MeV. This is the rms scattering angle
for an absorber with such a thickness that it takes away exactly 10MeV of energy.
The elements in the appendix are ordered by Z, so they are already ordered from “best” to “worst”. To
find out the best composite absorbers, the following table compiles all composites with an equivalent



















NYLON, TYPE 11 (RILSAN) 2.49
TOLUENE 2.49
AMBER 2.50
PLASTIC SCINT (VINYLTOLUENE BASED) 2.50
N-PROPYL ALCOHOL 2.50










1 HYDROGEN liq 0.99 0.071 61.3 19.2 0.31 2.61 1.48
2 HELIUM 0.50 0.125 94.3 41.8 0.26 2.80 1.74
3 LITHIUM 0.43 0.534 82.8 40 0.96 6.19 1.99
4 BERYLLIUM 0.44 1.848 65.2 63.7 3.27 13.01 2.26
5 BORON 0.46 2.370 53.2 76 4.29 16.34 2.48
6 AMORPHOUS CARBON 0.50 2.000 42.7 81 3.89 16.76 2.67
7 NITROGEN 0.50 0.807 38.0 82 1.57 11.26 2.83
8 OXYGEN 0.50 1.141 34.2 95 2.18 14.12 3.00
9 FLUORINE 0.47 1.507 32.9 115 2.68 16.56 3.18
10 NEON 0.50 1.204 28.9 137 2.20 15.79 3.35
11 SODIUM 0.48 0.971 28.0 149 1.70 14.41 3.48
12 MAGNESIUM 0.49 1.740 25.3 156 3.12 20.35 3.61
13 ALUMINUM 0.48 2.699 24.0 166 4.69 26.08 3.77
14 SILICON 0.50 2.330 21.8 173 4.17 25.41 3.89
15 PHOSPHORUS 0.48 2.200 21.5 173 3.83 24.88 3.98
16 SULFUR 0.50 2.000 19.8 180 3.57 24.73 4.10
17 CHLORINE 0.48 2.200 19.6 174 3.79 26.08 4.19
18 ARGON 0.45 1.396 19.6 188 2.24 20.73 4.35
19 POTASSIUM 0.49 0.862 17.6 190 1.49 17.14 4.41
20 CALCIUM 0.50 1.550 16.4 191 2.75 23.87 4.51
21 SCANDIUM 0.47 2.989 16.8 216 4.90 32.86 4.63
22 TITANIUM 0.46 4.540 16.2 233 7.25 41.51 4.79
23 VANADIUM 0.45 6.110 16.2 245 9.54 48.33 4.85
24 CHROMIUM 0.46 7.180 15.3 257 11.40 54.07 4.95
25 MANGANESE 0.46 7.440 15.0 272 11.57 55.63 5.05
26 IRON 0.47 7.874 13.8 286 12.45 59.59 5.20
27 COBALT 0.46 8.900 13.9 297 13.79 63.27 5.24
28 NICKEL 0.48 8.902 13.0 311 14.29 65.64 5.34
29 COPPER 0.46 8.960 12.9 322 13.70 66.14 5.49
30 ZINC 0.46 7.133 12.7 330 10.94 59.15 5.51
31 GALLIUM 0.44 5.904 12.8 334 8.76 53.57 5.60
32 GERMANIUM 0.44 5.323 12.3 350 7.79 51.89 5.75
33 ARSENIC 0.44 5.730 12.2 347 8.38 53.93 5.76
34 SELENIUM 0.43 4.500 12.2 348 6.43 47.72 5.83
35 BROMINE 0.44 4.820 11.7 343 7.02 50.49 5.90
36 KRYPTON 0.43 3.400 11.7 352 4.84 42.34 5.98
37 RUBIDIUM 0.43 1.532 11.3 363 2.19 28.68 6.06
38 STRONTIUM 0.43 2.540 11.0 366 3.64 37.53 6.13
39 YTTRIUM 0.44 4.469 10.7 379 6.44 50.94 6.21
40 ZIRCONIUM 0.44 6.506 10.4 393 9.34 62.43 6.29
41 NIOBIUM 0.44 8.570 10.2 417 12.29 72.98 6.38
42 MOLYBDENUM 0.44 10.220 10.0 424 14.51 80.46 6.45
43 TECHNETIUM 0.44 11.500 9.8 428 16.36 86.57 6.52
44 RUTHENIUM 0.44 12.410 9.7 441 17.44 90.57 6.60
45 RHODIUM 0.44 12.410 9.5 449 17.48 91.68 6.67
46 PALLADIUM 0.43 12.020 9.4 470 16.64 90.50 6.75
47 SILVER 0.44 10.500 9.2 470 14.65 85.51 6.81
48 CADMIUM 0.43 8.650 9.2 469 11.83 77.24 6.87
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49 INDIUM 0.43 7.310 9.0 488 9.95 71.42 6.95
50 TIN 0.42 7.310 8.8 488 9.82 72.34 7.08
51 ANTIMONY 0.42 6.691 8.9 487 8.94 68.77 7.07
52 TELLURIUM 0.41 6.240 9.0 485 8.11 65.96 7.12
53 IODINE 0.42 4.930 8.6 491 6.56 59.66 7.19
54 XENON 0.41 2.935 8.5 482 3.85 46.19 7.30
55 CESIUM 0.41 1.873 8.5 488 2.47 36.79 7.30
56 BARIUM 0.41 3.500 8.5 491 4.55 50.63 7.36
57 LANTHANUM 0.41 6.154 8.3 501 8.03 68.41 7.42
58 CERIUM 0.41 6.657 8.1 523 8.71 72.10 7.50
59 PRASEODYMIUM 0.42 6.710 7.9 535 8.86 73.38 7.56
60 NEODYMIUM 0.42 6.900 7.8 546 9.02 74.74 7.62
61 PROMETHIUM 0.42 7.220 7.6 560 9.53 77.54 7.69
62 SAMARIUM 0.41 7.460 7.7 574 9.61 78.59 7.76
63 EUROPIUM 0.41 5.243 7.5 580 6.78 66.14 7.81
64 GADOLINIUM 0.41 7.900 7.6 591 10.01 81.54 7.88
65 TERBIUM 0.41 8.229 7.4 614 10.43 84.06 7.95
66 DYSPROSIUM 0.41 8.550 7.4 628 10.73 86.01 8.01
67 HOLMIUM 0.41 8.795 7.3 650 10.99 87.87 8.08
68 ERBIUM 0.41 9.066 7.2 658 11.32 89.89 8.14
69 THULIUM 0.41 9.321 7.1 674 11.66 92.01 8.20
70 YTTERBIUM 0.40 6.730 7.1 684 8.32 77.79 8.26
71 LUTETIUM 0.41 9.840 6.9 694 12.18 95.52 8.31
72 HAFNIUM 0.40 13.310 6.9 705 16.35 112.22 8.37
73 TANTALUM 0.40 16.654 6.8 718 20.41 127.06 8.43
74 TUNGSTEN 0.40 19.300 6.8 727 23.56 138.10 8.49
75 RHENIUM 0.40 21.020 6.7 736 25.63 145.36 8.54
76 OSMIUM 0.40 22.570 6.7 746 27.26 151.23 8.60
77 IRIDIUM 0.40 22.420 6.6 757 27.09 151.78 8.65
78 PLATINUM 0.40 21.450 6.5 790 25.73 148.66 8.71
79 GOLD 0.40 19.320 6.4 790 23.25 141.95 8.77
80 MERCURY 0.40 13.546 6.4 800 16.18 117.97 8.83
81 THALLIUM 0.40 11.720 6.4 810 13.89 109.57 8.88
82 LEAD 0.40 11.350 6.4 823 13.40 107.72 8.89
83 BISMUTH 0.40 9.747 6.2 823 11.55 100.68 8.98
84 POLONIUM 0.40 9.320 6.1 830 11.17 99.49 9.03
85 ASTATINE 0.40 9.320 6.0 825 11.25 100.38 9.07
86 RADON 0.39 6.2 794 0.00
87 FRANCIUM 0.39 1.000 6.1 827 1.16 31.60 9.17
88 RADIUM 0.39 5.000 6.0 826 5.81 72.27 9.21
89 ACTINIUM 0.39 10.070 5.9 841 11.75 104.89 9.26
90 THORIUM 0.39 11.720 6.0 847 13.51 113.51 9.31
91 PROTACTINIUM 0.39 15.370 5.8 878 17.91 132.66 9.38
92 URANIUM 0.39 18.950 6.0 890 21.63 145.71 9.32
93 NEPTUNIUM 0.39 20.250 5.7 902 23.42 154.77 9.48
94 PLUTONIUM 0.39 19.840 5.7 921 22.93 154.01 9.54
95 AMERICIUM 0.39 13.670 5.6 934 15.68 126.59 9.59
96 CURIUM 0.39 13.510 5.6 939 15.39 126.00 9.64
97 BERKELIUM 0.39 14.000 5.5 952 16.09 129.69 9.69










A-150TISSUE-EQUIVALENT PLASTIC 0.55 1.127 41.8 65.1 2.46 12.69 2.55
ACETONE 0.55 0.790 41.2 64.2 1.73 10.69 2.56
ADENINE 0.52 1.350 40.6 71.4 2.76 14.11 2.67
AIR, DRY (NEAR SEA LEVEL) 0.50 0.920 36.6 85.7 1.78 12.25 2.89
ALANINE 0.54 1.420 39.4 71.9 3.01 14.69 2.66
ALUMINUM OXIDE 0.49 3.970 27.9 145.2 7.13 29.37 3.43
AMBER 0.55 1.100 43.0 63.2 2.42 12.36 2.50
ANILINE 0.54 1.024 42.9 66.2 2.18 11.93 2.54
ANTHRACENE 0.53 1.283 43.4 69.5 2.67 13.28 2.56
BAKELITE 0.53 1.250 41.7 72.4 2.60 13.39 2.61
BARIUM FLUORIDE 0.42 4.890 10.1 375.9 6.79 54.92 6.51
BARIUM SULFATE 0.45 4.500 11.8 285.7 6.81 48.49 5.76
BENZENE 0.54 0.879 43.7 63.4 1.88 10.95 2.51
BERYLLIUM OXIDE 0.48 3.010 41.3 93.2 5.54 20.94 2.79
BISMUTH GERMANIUM OXIDE 0.42 7.130 7.9 534.1 9.46 75.60 7.53
BORON CARBIDE 0.47 2.520 50.5 84.7 4.59 17.31 2.54
BORON OXIDE 0.49 1.812 38.5 99.6 3.37 16.80 2.87
N-BUTYL ALCOHOL 0.57 0.810 42.2 59.9 1.84 10.70 2.48
C-552 AIR-EQUIVALENT PLASTIC 0.50 1.760 37.6 86.8 3.40 16.75 2.85
CADMIUM TELLURIDE 0.42 6.200 9.1 539.3 8.13 65.41 7.06
CADMIUM TUNGSTATE 0.43 7.900 8.7 468.3 10.82 75.72 7.05
CALCIUM CARBONATE 0.50 2.800 24.3 136.4 5.16 26.42 3.64
CALCIUM FLUORIDE 0.49 3.180 21.7 166 5.59 29.81 3.94
CALCIUM OXIDE 0.50 3.300 19.3 176.1 5.91 32.26 4.14
CALCIUM SULFATE 0.50 2.960 23.0 152.3 5.39 27.96 3.76
CALCIUM TUNGSTATE 0.44 6.062 9.1 395 8.68 64.49 6.74
CARBON DIOXIDE 0.50 1.179 36.2 85 2.28 13.96 2.91
CARBON TETRACHLORIDE 0.48 1.594 20.4 166.3 2.77 21.68 4.09
CELLULOSE ACETATE, CELLOPHANE 0.53 1.420 38.7 77.6 2.94 14.82 2.72
CELLULOSE ACETATE BUTYRATE 0.53 1.200 39.7 74.6 2.51 13.44 2.67
CELLULOSE NITRATE 0.51 1.490 37.2 87 2.96 15.50 2.83
CERIC SULFATE DOSIMETERSOLUTION 0.55 1.030 35.3 76.7 2.23 13.20 2.78
CESIUM FLUORIDE 0.42 4.115 9.3 440.7 5.60 52.31 6.84
CESIUM IODIDE 0.42 4.510 8.5 553.1 5.89 57.33 7.30
CHLOROBENZENE 0.52 1.106 31.4 89.1 2.20 14.51 3.08
CHLOROFORM 0.49 1.483 20.8 156 2.62 20.71 4.01
CONCRETE, PORTLAND 0.50 2.300 26.6 135.2 4.27 22.83 3.46
CYCLOHEXANE 0.57 0.779 44.6 56.4 1.79 10.20 2.40
1,2-DICHLOROBENZENE 0.50 1.305 27.3 106.5 2.49 16.92 3.37
DICHLORODIETHYL ETHER 0.52 1.220 26.7 103.3 2.40 16.54 3.36
1,2-DICHLOROETHANE 0.51 1.235 23.3 111.9 2.35 17.85 3.66
DIETHYL ETHER 0.57 0.714 42.2 60 1.62 10.04 2.48
N,N-DIMETHYL FORMAMIDE 0.55 0.949 40.7 66.6 2.06 11.79 2.59
DIMETHYL SULFOXIDE 0.54 1.101 28.4 98.6 2.26 15.24 3.19
ETHYL ALCOHOL 0.56 0.789 40.8 62.9 1.78 10.74 2.54
ETHYL CELLULOSE 0.54 1.130 40.6 69.3 2.43 12.90 2.60
FERRIC OXIDE 0.48 5.200 16.9 227.3 8.63 43.55 4.60
FERROBORIDE 0.47 7.150 15.7 261 11.42 53.11 4.86
FERROUS OXIDE 0.47 5.700 16.0 248.6 9.31 46.94 4.77
FREON-12 0.48 1.120 23.9 143 1.97 16.76 3.75
FREON-12B2 0.45 1.800 13.9 284.9 2.74 28.01 5.29
FREON-13 0.48 0.950 27.3 126.6 1.69 14.42 3.49
FREON-13B1 0.46 1.500 16.8 210.5 2.41 23.18 4.68
FREON-13I1 0.44 1.800 11.7 293.5 2.68 30.52 5.83
GADOLINIUM OXYSULFIDE 0.42 7.440 8.6 493.3 10.01 74.06 7.17










GEL IN PHOTOGRAPHIC EMULSION 0.54 1.291 39.0 74.8 2.73 14.08 2.68
Pyrex Glass 0.50 2.230 28.2 134 4.09 21.83 3.38
GLASS, LEAD 0.42 6.220 7.9 526.4 8.27 70.58 7.53
GLASS, PLATE 0.50 2.400 25.8 145.4 4.37 23.72 3.55
GLUCOSE 0.53 1.540 38.2 77.2 3.22 15.54 2.72
GLUTAMINE 0.53 1.460 39.4 73.3 3.06 14.89 2.68
GLYCEROL 0.54 1.261 38.7 72.6 2.69 13.95 2.67
GUANINE 0.52 1.580 39.8 75 3.20 15.42 2.71
GYPSUM, PLASTER OF PARIS 0.51 2.320 24.8 129.7 4.40 23.74 3.55
N-HEPTANE 0.58 0.684 44.9 54.4 1.60 9.52 2.37
N-HEXANE 0.58 0.660 44.9 54 1.55 9.35 2.37
KAPTON POLYIMIDE FILM 0.51 1.420 40.6 79.6 2.84 14.47 2.70
LANTHANUM OXYBROMIDE 0.43 6.280 9.8 439.7 8.64 63.52 6.65
LANTHANUM OXYSULFIDE 0.43 5.860 9.5 421.2 8.12 62.25 6.73
LEAD OXIDE 0.40 9.530 6.8 766.7 11.57 95.27 8.51
LITHIUM AMIDE 0.52 1.178 47.3 55.5 2.49 12.19 2.43
LITHIUM CARBONATE 0.49 2.110 39.9 87.9 3.97 17.81 2.81
LITHIUM FLUORIDE 0.46 2.635 39.3 94 4.67 20.09 2.92
LITHIUMHYDRIDE 0.50 0.820 79.2 36.5 1.73 7.84 1.88
LITHIUM IODIDE 0.42 3.494 9.1 485.1 4.66 48.80 7.01
LITHIUM OXIDE 0.47 2.013 47.1 73.6 3.70 16.01 2.61
LITHIUM TETRABORATE 0.48 2.440 39.8 94.6 4.53 19.20 2.83
M3 WAX 0.56 1.050 39.3 67.9 2.31 12.63 2.62
MAGNESIUM CARBONATE 0.50 2.958 31.9 118 5.52 23.67 3.15
MAGNESIUM FLUORIDE 0.48 3.000 29.4 134.3 5.33 24.81 3.36
MAGNESIUM OXIDE 0.50 3.580 28.2 143.8 6.51 27.73 3.40
MAGNESIUM TETRABORATE 0.49 2.530 35.6 108.3 4.68 20.69 3.00
MERCURIC IODIDE 0.41 6.360 7.5 684.5 7.96 73.29 7.97
METHANOL 0.56 0.791 39.3 67.6 1.76 10.95 2.60
MIX D WAX 0.56 0.990 43.6 60.9 2.24 11.64 2.45
MS20 TISSUE SUBSTITUTE 0.54 1.000 38.3 75.1 2.11 12.48 2.70
NAPTHALENE 0.53 1.145 43.5 68.4 2.40 12.53 2.54
NITROBENZENE 0.52 1.199 40.1 75.8 2.44 13.37 2.69
NITROUS OXIDE 0.50 1.226 36.5 84.9 2.37 14.17 2.89
NYLON, DU PONT ELVAMIDE 8062 0.55 1.080 42.0 64.3 2.37 12.40 2.54
NYLON, TYPE 6 AND TYPE 6/6 0.55 1.140 41.8 63.9 2.49 12.76 2.54
NYLON, TYPE 6/10 0.55 1.140 42.4 63.2 2.51 12.68 2.52
NYLON, TYPE 11 (RILSAN) 0.56 1.425 42.9 61.6 3.17 14.10 2.49
OCTANE, LIQUID 0.58 0.703 44.9 54.7 1.64 9.66 2.37
PARAFFIN WAX 0.57 0.930 44.7 55.9 2.15 11.14 2.39
N-PENTANE 0.58 0.626 45.0 53.6 1.48 9.10 2.36
PHOTOGRAPHIC EMULSION 0.45 3.815 11.6 331 5.79 45.04 5.81
PLASTIC SCINT (VINYLTOLUENE BASED) 0.54 1.032 43.8 64.7 2.22 11.85 2.50
PLUTONIUM DIOXIDE 0.41 11.460 6.3 746.5 14.05 109.08 8.79
POLYACRYLONITRILE 0.53 1.170 42.1 69.6 2.44 12.89 2.60
POLYCARBONATE (MAKROLON, LEXAN) 0.53 1.200 41.5 73.1 2.49 13.15 2.62
POLYCHLOROSTYRENE 0.53 1.300 33.7 81.7 2.65 15.20 2.93
POLYETHYLENE 0.57 0.940 44.6 57.4 2.16 11.21 2.40
POLYETHYLENE TEREPHTHALATE
(MYLAR)
0.52 1.400 39.9 78.7 2.84 14.48 2.70
POLYMETHYL METHACRALATE
(PLEXIGLASS)










POLYOXYMETHYLENE 0.53 1.425 38.4 77.4 2.97 14.90 2.72
POLYPROPYLENE 0.57 0.900 44.6 56.5 2.07 10.96 2.40
POLYSTYRENE 0.54 1.060 43.7 68.7 2.25 12.03 2.52
POLYTETRAFLUOROETHYLENE (TEFLON) 0.48 2.200 34.8 99.1 4.02 19.48 3.05
POLYTRIFLUOROCHLOROETHYLENE 0.48 2.100 28.4 120.7 3.77 21.11 3.41
POLYVINYL ACETATE 0.53 1.190 39.9 73.7 2.50 13.35 2.66
POLYVINYL ALCOHOL 0.54 1.300 40.2 69.7 2.80 13.90 2.61
POLYVINYL BUTYRAL 0.55 1.120 41.5 67.2 2.42 12.69 2.57
POLYVINYL CHLORIDE 0.51 1.300 25.8 108.2 2.51 17.39 3.45
POLYVINYLIDENE CHLORIDE, SARAN 0.50 1.700 23.0 134.3 3.11 21.11 3.75
POLYVINYLIDENE FLUORIDE 0.50 1.760 36.6 88.8 3.39 16.98 2.90
POLYVINYL PYRROLIDONE 0.54 1.250 41.6 67.7 2.67 13.40 2.58
POTASSIUM IODIDE 0.43 3.130 9.8 431.9 4.39 44.28 6.56
POTASSIUM OXIDE 0.49 2.320 19.2 189.9 4.03 27.06 4.22
PROPANE, LIQUID 0.59 0.430 45.2 52 1.03 7.52 2.34
N-PROPYL ALCOHOL 0.57 0.804 41.7 61.1 1.82 10.72 2.50
PYRIDINE 0.53 0.982 42.6 66.2 2.07 11.73 2.57
RUBBER, BUTYL 0.57 0.920 44.6 56.5 2.12 11.09 2.40
RUBBER, NATURAL 0.56 0.920 44.3 59.8 2.06 11.13 2.44
RUBBER, NEOPRENE 0.52 1.230 29.3 93 2.45 15.85 3.18
SILICON DIOXIDE 0.50 2.320 27.0 139.2 4.26 22.74 3.45
SILVER BROMIDE 0.44 6.473 10.1 486.6 9.02 63.35 6.50
SILVER CHLORIDE 0.45 5.560 10.6 398.4 8.11 57.27 6.21
SILVER HALIDES IN PHOTOGRAPHIC
EMULSION
0.44 6.470 10.1 487.1 9.01 63.36 6.50
SILVER IODIDE 0.43 6.010 8.9 543.5 8.05 65.16 7.07
SODIUM CARBONATE 0.49 2.532 31.9 125 4.62 21.88 3.19
SODIUM IODIDE 0.43 3.667 9.7 452 5.04 48.40 6.68
SODIUM MONOXIDE 0.48 2.270 29.4 148.8 4.01 21.58 3.38
SODIUM NITRATE 0.49 2.261 32.8 114.6 4.20 20.37 3.12
STAINLESS STEEL (18% Cr 9% Ni) 0.47 7.930 14.0 284.02 12.55 59.48 5.17
STILBENE 0.53 0.971 43.6 67.7 2.05 11.53 2.54
SUCROSE 0.53 1.581 38.6 77.5 3.28 15.67 2.72
TERPHENYL 0.52 1.234 43.3 71.7 2.53 13.05 2.58
TETRACHLOROETHYLENE 0.48 1.625 21.2 159.2 2.84 21.47 3.99
THALLIUM CHLORIDE 0.41 7.004 7.1 690.3 8.74 79.32 8.21
TISSUE, SOFT (ICRU FOUR-COMPONENT) 0.55 1.000 36.8 74.9 2.16 12.74 2.73
TITANIUM DIOXIDE 0.48 4.260 20.5 179.5 7.25 35.61 4.12
TOLUENE 0.54 0.867 43.9 62.5 1.88 10.85 2.49
TRICHLOROETHYLENE 0.49 1.460 21.8 148.1 2.60 20.05 3.90
TRIETHYL PHOSPHATE 0.54 1.070 34.7 81.2 2.24 13.57 2.85
TUNGSTEN HEXAFLUORIDE 0.43 2.400 9.7 354.4 3.42 38.89 6.55
URANIUM DICARBIDE 0.40 11.280 6.5 752 13.52 106.13 8.73
URANIUM MONOCARBIDE 0.39 13.630 6.3 862 15.84 119.70 9.04
URANIUM OXIDE 0.40 10.960 6.6 720.6 13.31 103.41 8.58
VALINE 0.55 1.230 40.5 67.7 2.66 13.47 2.60
VITON FLUOROELASTOMER 0.49 1.800 35.4 98.6 3.34 17.48 3.01
WATER LIQUID 0.56 1.000 36.0 75 2.18 12.88 2.75
XYLENE 0.55 0.870 44.0 61.8 1.90 10.86 2.48
CARBON (GRAPHITE) 0.50 1.700 42.7 78 3.32 15.44 2.66
